Oriented biotite inclusions in diamond coat
Nrrunal diamonds contain mineral inclusions that represent valid samples of the upper mantle of the Earth (where diamond crystallisation occurred) provided that they are totally enclosed within the diamond and do not derive from material later infiltrating via cracks. Inclusions satisfying this condition, and which are also of macroscopic size (diameters > 100 pm, say), have been studied over many years. Some important reports and reviews of this work are by Williams (1932) , Harris (1968) , Meyer and Boyd (1972) , Meyer and Tsai (1976) and Harris and Gurney (1979) .
Much less is known concerning microscopic inclusions. A striking manifestation of such is in diamond 'coat'. A significant fraction of natural diamonds are of the 'coated' variety. These have a clear octahedral core (often of gem quality) completely enveloped by a coat shell in which the diamond matrix is densely populated by submicrometre-size non-diamond bodies (Kamiya and Lang, 1965; Seal, 1966; Navon et al.,1988) .
To discover the composition of and (if possible) mineralogically identify such bodies individually requires the resolution of analytical electron microscopic techniques (Lang and Walmsley, 1983; Bruley and Brown, 1989) . Transmission electron microscopy, electron diffraction and energy-dispersive X-ray spectroscopy combined have identified apatite inclusions in diamond coat (Lang and Walmsley, 1983 ). Here we report the identification of biotite mica in diamond coat, and a preferred orientation relationship between the sub-micrometre-size mica crystallites and their diamond host.
We have studied coated diamonds from Zaire, sawing slices parallel to (100) and (110), mechanically polishing them down to about 50 pm thickness and, finally, ion-beam milling chosen coat-containing pieces to a thickness of (1 pm for transmission electron microscopy. The thinned specimen foils show numerous holes (diameters :0.1-1.0 pm) from which the contents have been lost, but a small percentage of the opened cavities (which become rounded by ion-beam erosion) retain some solid non-diamond substance.
The micrograph, Fig. 1 (Smith and Yoder, 1956) , with lattice parameters d : 0.53, b :0.92 nm and basal plane spacing c sinB : 1.02 nm. Rotation of the specimen setting of Fig. 2by 30" about the normal to the mica (001) gave the [310] zone axis diffraction pattern expected with these cell parameters. The diamond pattern serves to calibrate interplanar spacing measurements, which Fig. 2 gives to an accuracy of about +1% (and about +lo for B), and Fig. 3 to +0.5"/". About twothirds of the diffraction patterns photographed show some streaking between spots in general rows parallel to the mica reciprocal lattice vector cx, evidence of stacking disorder of unit layers. Energy dispersive X-ray spectroscopy (EDS) of the particle in Fig. 1 was complicated by P and Ca peaks, probably from apatite in the same cavity, but inconspicuous in Fig. 1 through lack of Ftc. 2. Selected-area electron diffraction pattern from biotite crystallite shown in Fig. 1 including some immediately adjacent diamond matrix. Specimen rotated relative to its setting i! Fig. 1 by 30' about the common normal to diamond (111) and biotite (001) diffraction contrast. Moreover, loss of image contrast and diffraction pattern quality after the electron beam had been focused on the mica particle rendered its analysis doubtful. To keep electron-beam damage low, an EDS spectrum was acquired rapidly from another particle giving the same diffraction pattern, located in another cavity, and is shown in Fig. 4 . Peak areas in Fig. 4 were converted to element abundance ratios by comparison with the EDS spectrum of a thin biotite specimen whose element abundance ratios had been found by well-calibrated electron-probe X-ray spectroscopic analysis. The analysis of the diamond-coat particle differs from the biotite composition range (Deer et al., 1966; Radoslovich and Norrish, 1962) only by excess Si, which is attributed to presence in the cavity of another, Sirich phase (biotite generally coexists with other phases in cavities where it is found). The insensitivity of the EDS to elements with Z S 11 (Na, F, O), plus the excess Si, preclude fitting the particle composition to a standard mica chemical formula.
The findings are best stated simply as cation ratios: Mg0.86, A10.92,5i4.74, K 1.0, Ti 0.3, Fe 0.86. The minor Cl content has not been quantified. A small (but statistically significant) enhancement of the potassium KB peak is explicable by overlap with Ca-Kc, with a Ca/K ratio of 3-5%. It is on the basis of the low Mg/Fe ratio of -1, well below the value 2, that this particle (and others having similar cell dimensions) are identified as biotite (Deer et al., 1966) . The occurrence of biotite as a primary inclusion (syngenetic or pre-syngenetic) in diamond was reported in the classic work of A. F. Williams (1932) and again by Giardini et al. (1974) . The latter workers recovered 3 flakes of brown mica (0.1 x 0.1 mm) from the fragments of 39 crushed small African diamonds previously cleaned and microscopically checked as crack-free. X-ray diffraction and electron-probe X-ray spectroscopy identified the mica as biotite (Mg/Fe : 0.65). The present work identifies biotite crystallites rn si/u in diamond coat. Furthermore, it is found that a preferred orientation with respect to the diamond matrix is exhibited by about half the biotite crystals studied; this is, specifically, biotite (001) (Yacoot, 1990) of the modes of growth and consequent morphologies of some natural diamonds. There are small dodecahedra on the six vertices of the octahedron. Fig. lc is a general view of the specimen and Fig. 1b shows one of the dodecahedra at higher magnification. Fig. 1c shows some of the unusual facets on the octahedron. From the morphology imaged by these scanning electron micrographs, one infers that the specimen has suffered dissolution: the dodecahedra are rounded and there are {110} bevels between adjacent {111} faces on the octahedron, some of the latter approximating to triangular triakisoctahedral faces {hhl}, h > l. A Laue picture, taken with polychromatic synchrotron radiation (at the SERC Daresbury Laboratory, Warrington, Cheshire) which illuminated the entire specimen, showed that the dodecahedra were not mis-orientated from the octahedron and that the specimen was a single crystal. That having been established, the diamond was examined by X-ray topography (Lang, 1957 (Lang, , 1958 _Moore, 1988) using Mo-Kc1 radiation and the 440 reflexion (), : 0.71 A, e" : 34"15'). Such a diffraction geometry produced images of crystal sections almost parallel (offset by 1') to the (T11) plane. Fig. ld -lshows the first three section topographs in a series of six that imaged the crystal at 0.5 mm intervals.
The topographic image through the centre of the crystal (Fig. 1fl shows incomplete growth banding in the octahedron, together with several areas of localised strain. The twelve-sided outline J. C. Wellrslev* A. R. LeNc of the topograph is similar to a section of a rounded (diakis) rhombic dodecahedral diamond described by Moore (1973) . A very dark circular region can be seen in the centre of the topograph, which is the imperfect nucleus from which crystal growth started. Other topographs in the series show more growth banding in the octahedron. Fig. 7d and e show growth bands within the dodecahedra, which appear to make re-entrant angles with another. These dodecahedra are the remnants of dissolved octahedra (Moore and Lang, 1974) on the vertices of the (major) octahedron. The topographs show that crystal growth started from an imperfect and highly strained nucleus and the growth banding confirms that growth was on {111} planes. That some of the growth banding in the major octahedron is incomplete, being partially intersected by the six minor octahedra, suggests that dissolution occurred prior to the formation of these minor octahedra. This dissolution would have started at the major octahedron's six vertices, turning them into nucleation centres for further growth. Faceted growth then occurred in the (111) directions at these vertices, resulting in the formation of the six minor octahedra. Althoueh the growth bands appear to diverge from tie surfaces of the minor octahedra, independent growth did not occur towards the centre of the specimen. (If this had happened from separate centres, there would certainly have been some mis-orientation between the major and minor octahedra. The chance of six minor octahedra adhering in perfect orientation to the vertices of an octahedron is extremely unlikely.) Finally, the specimen suffered some more dissolution which MINERALOGICAL MAGAZINE, MARCH 1992,VOL 56. PP. 111_I13 An unusual octahedral diamond
